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1. Introduction 

The amplitude of a ground motion record includes aleatoric variability, even if the records observed at

one site by the earthquakes with same magnitude and same location. It is important to clarify the

characteristics of such variability in order to understand the accuracy of earthquake ground motion

prediction. Using ground motion records from dense networks, several recent studies (e.g. Anderson and

Uchiyama, 2011; Lin et al., 2011) have estimated the single-path standard deviations by removing ergodic

assumption. Those studies are based on the difference between observed ground motion amplitude and a

ground motion prediction model. Estimated variabilities may be affected by modeling error of applied

ground motion prediction model. In this study, the single-path standard deviation have investigated

directly from the amplitude ratio of pairs of ground motion records observed at one site by two

earthquakes with same magnitude and same location. 

2. Data and Method 

The amplitude ratios of pairs of ground motion records by two earthquakes have been investigated. The

two earthquakes satisfy the following conditions. 1) JMA magnitudes (MJ) are the same. 2) Focal

mechanisms are similar. 3) Distance between hypocenters is 3 km or less. Pairs of ground motion records

of K-NET and KiK-net by two earthquakes have been used. Hypocentral distances of records are 5 or more

times of the distance between hypocenters of two earthquakes, and 200km or less. Maximum

acceleration of the records at free-field exceeds 1 cm/s2. As a result, 39,103 pairs of record by 696 pairs

of earthquake were used for this study. The single-path standard deviation (sigma) estimated by variance

of the natural logarithmic acceleration response spectrum ratio (v) of record pairs. sigma=(Var[v]/2)0.5.

The acceleration response spectrum was averaged of two horizontal components. 

3. Results 

Estimated sigma from all data was about 0.3 - 0.45 (Fig. 1). This result at period of 0.02 s was consistent

with single-path standard deviations for maximum acceleration from previous studies (Morikawa et al.,

2008; Lin et al., 2011). In Fig. 1, sigma was slightly large around the period of 0.2 s. According to

comparison of sigma estimated from data of every magnitude range, the dominant period of sigma moved

to the longer period depending on magnitude (Fig. 2). Since site and propagation path of each record

pairs are the same respectively, the main factor of sigma is considered to be the differences in the source

characteristics of two earthquakes. If the rupture processes of two earthquakes are different, the

within-event variability of pairs of records from two earthquakes may be large around corner frequencies

of two earthquakes. The dominant period of sigma from large earthquakes was longer than that from small

earthquakes. The logarithms of the dominant period of sigma were proportional to about 0.4MJ (Fig. 3).

Those characteristics of sigma indicate that the uncertainty of rupture process is one of the factors in

single-path standard deviation.
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